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(54) Information recording medium and method for producing the same, and method for 
recording/reproducing information thereon 

(57) An information recording medium includes a 
first information layer 1 1 and a second information layer 
20. The first infoimation layer 1 1 includes a first record- 
ing Iayer4 in which a reversible phasechange is caused 
between a crystalline phase and an amorphous phase 
by irradiation of a laser beam or application of current. 
The second infomnation layer 20 includes a second re- 
cording layer 14 in which a reversible phase change is 
caused between a crystalline phase and an amorphous 
phase by the irradiation of the laser beam or the appli- 
cation of the current. The first recording layer 4 is made 
of a first material, the second recording layer 1 4 is made 
of a second material, and the first material is different 
from the second material. 
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!?rinJi JT '^'^r^ '[1''®""°" "^^^^ recording media on which Information Is recorded, erased re- 

tianl\J!!rHZ^'^ phase-changeable Information recording media as Infomnatlon recording media on which Informa- 
Tf^JTnlT ^J^"""^^" ^eP^oduced using a laser beam. Information Is recorded, erased, and rewritten 

SII^JhJ^L f ''"'^^^''"^ "^""'^ "'"'^'"9 Phenomenon that a reco;dlng layer s cZgeS 

J. I and cooled abruptly with In-adiation of a laser beam so that the irradiated portion Is changed to an 
amorphous phase. On the other hand, when erasing infomiation. the recording layer Is Irradiated with a l^er bearJ 

or rewrite new infomiation while erasing recorded infomiatlon by irradiating the recording layer with a laser bearTtSLt 
' Changes Ks power between a high power level and a low power level (see "Basis and Appllcatk>n of Optkrotek 

[0003] In recent years, various techniques have been under research to provide a large capacity to Infomiatlon 

' si^nZ:::z oruZTr ^-rr ''s^'"' '''' ""^"'^ "^'^^ ^ ^'^^^ i-i" hrng a 

num JTlnl?.l! J^! 1 ""^^'^^^ °" ^'^"^ ^ '^^^^ "^^^-^ i"^ident and a lens having a large 

numerical aperture NA to reduce the spot diameter of the laser beam Is under research Another technlaue under 
research is such that using Information recording media provided wrth two infom^ation iaye^; the tS^^ nf«n laye^ 
tZ;^.TTT"'tT " '^"^ incident from one of the two Infomia.on layers seeTp 2 sTlt^A)^ 
echnlque. which uses two Infomiatlon layers, can achieve abouttwice the recorting density. 

^^oL'^Jut^lT^^^^ "'^'''"^ '"^'""'"S '«y»'^ on/from which information is recorded/ 

reproduced from one side (hereinafter, may be referred to as a "two-information-recordlng-iayer medium) a laser beam 

ncfden .il rhlrJ^^n^ infomiatlon on/from the information layer on the side opposite to the laser beam 

incident s de (here nafter, referred to as a "second infomiation layer). Therefore, it is preferable that the transmittaiSe 
h ah riTrJinnr r f f " °" ' ^^^'^^^ "^^^^^^^ infom,a«on iaye^^^ 

^^IrT ! ^'^^'^'"^ ""^'^^ ^^'^"^^^^ ^it*^ « P°«'er laser beam) with respect to the 

r^SL, ^, "^Z^'^'^^^'"^- has a high reflectance with respect to the reproduction charBCterfetics 
S.nJ?«rT '° °' transmittance of the laser beam through the first information layer, the first 

ofcr^^S. '^^^ ^ °' ^''^"^ ^"-^^ " tt^^ ^^°^ding layer Is thin the numbe 

? """'^J^^^^^* ^h^" corstallizlng the recording layer in addition, the dLance over which arms 

can move is short. Consequently, the crystallization rate of a thinner recording layer among recording layers made of 

tne crystalline phase, so that the erasure ratio is reduced. 

[00061 Conventionally, as a material (phase-changeable material) of the recording layer, GeSbTe based materials 
T^.^r^lfJ'^'T'fT. T' '^''"^^^^ P«rf-"^-nce and high reiiabilW have been useTusIng 

zed Amonf^^^^^ 

zed. Among the GeSbTe based materials, quasi-binary compositions on the GeTe-Sb^Teo line have the highest crvs- 

Of MdB w£ oht!.n H ^^'^JT''^ ^h^* '^"^""^^ ^itf^ « high linear velocity of 9m/s, a satisfactory erasure ratio 
fe^biNW n f , " '^^'"'"^ '^^"^ ""^""^ °' GeTe-Sb^Tea was as thin as 6nm. This technique led to the 
feasibility of the two-information -recording-layer medium using a red laser h « "bu « ine 

a o?Iie l^^'^ZZ^' 'TTTu'' 'T.'"'""^ "'^'"^ ^ P'^"^ ^'^^"S^ in the recording layer made of 

therrnnrHin ? "! by applying current have been under research. In these Infonnation recording media 

oh^L't ?:°"'h "^"^ phase, the recording layer is changed to a crystal 

phase at a certain threshold current, and the electrical resistance is dropped abruptly Furthermore the rLordmatavIr 

ShTt^J'recoTT'^? ' "^'^^"^^ ^PP'y''^ ^ '-9^ cVr^^t ;re havi^^a shTrt'^^^^^^ 

width to he recording layer In the ciystalllne phase to melt and cool the recording layer abruptly The difference in the 

rewritable infomiation recording medium to be obtained 

Sinf^n^ltion ° ^'"""^H ^Jf ^° infomiation recording media, two-infomiation-recording-layer media on 

^Le Ti^l Z Srjftif 7 f ^^^^^^ " "'"^-^'^'^^ '^^^^ '^^^'"S « ^''^^ wavelength is desL for praScal 

use. The spot diameter of a laser beam can be reduced by using a short wavelength laser beam or using a lens hSing 
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a large numerical aperture and thus higher density recording can be achieved. For recording with a short wavelength 
laser beam, an Information recording medium that allows a small recording mark to be formed In a satisfactory shape 
Is required. When a blue-violet laser Is used, the time during which the recording layer is In-adiated with the laser beam 
Is relatively short. Therefore, In order to fomn small recording marks, the recording layer Is required to be formed of a 
s material having a high crystallization rate. Furthemiore, the recording layer Is required to be formed of a material having 
a large change in the optical characteristics between the crystalline phase and the amorphous phase in order to obtain 
a sufficient signal amplitude even from small recording marl<s 

[0009] In the experiments of the Inventors of the present invention, when a conventional two-infornnatlon-recording- 
layer medium using a red laser was used as an infonnation recording medium for blue-vlolet laser, recording marks 

10 fonned In the first Information layer and the second infonnation layer were small, and thus a sufficient signal amplitude 
was not obtained. Reganjlng the first Information layer, when the thickness of the recording layer was made about 6nm 
to ensure a sufficient transmittance, the erasure ratio was an Insufficient value of less than 15dB. The experiments of 
the inventors of the present invention confirmed that a large signal amplitude can be obtained by increasing the ratio 
of GeTe in a quasi-binary composition on the GeTe-Sb2Te3 line. However, as the ratio of GeTe Is higher, the melting 

ts point of the material tends to be higher. Therefore, as the ratio of GeTe Is higher, the laser power (recording power) 
required for fonnlng an amorphous phase Is larger. The output of the currently available blue-vlolet laser Is smaller 
than that of a red laser Therefore, when a composition having a large ratio of GeTe was used forthe second infonnation 
layer on which Information Is recorded/reproduced with a laser beam transmitted through the first infonnation layer, 
- the recording power was insuffjclent and thus the saturated signal amplitude was not obtained. 

20 [0010] Thus, in thetwo-infomiatlon-recordlng-layer medium for use with a btue-vlolet laser, it is Important to ensure 
a high erasure ratio of the first Information recording layer and a high recording sensitivity of the second Information 
recording layer 

[001 1 ] For practical use of the two-lnfomnation-recording-iayer medium for use with a blue-vlolet laser, the first In- 
formation is required to have a high transmittance and good recording and erasing perfonnance, and the second 
25 infonnation recording layer is required to have a high reflectance, a high recording sensitivity and good recording and 
easing perfonnance. Therefore, for the practical use of the medium. It Is necessary to consider materials for the first 
and second recording layers and the constitution of the first and second recording layers. 

[0012] For materials forthe recording layers in which a phase change Is caused by applying current, materials con- 
taining Te as the main component Is in practical use. However, conventional materials require a long time In the order 

30 of microseconds for crystallization. An electrically phase-changeable Information recording medium provided with two " 
recording layers and having good recording and erasing perfonnance has not been in practical use yet. 
[0013] Therefore, with thsforegolng In mind. It is an object of the present invention to provide an Information recording 
medium with two recording layers and having good recording and erasing perfonnance, a method for producing the 
same and a method for recording/reproducing information thereon. 

35 [0014] An Infonnation recording medium of the present Invention Includes a first Infonnation layer and a second 
Infonnation layer. The first information layer Includes a first recording layer in which a reversible phase change Is 
caused between a crystalline phase and an amorphous phase by irradiation of a laser beam or the Joule heat generated 
by application of cuaent. The second infonnation layer includes a second recording layer In which a reversible phase 
change Is caused between a crystalline phase and an amorphous phase by the Irradiation of the laser beam or the 

40 Joule heat generated by the application of the current. The first recorciing layer is made of a first material. The second 
recording layer is made of a second material. The first material Is different from the second material. According to the 
Infonnation recording medium of the present Invention, good recording/reproducing characteristics can be obtained In 
each of the infonnation layers. 

[0015] In the infonnation recording medium of the present invention, the first material may contain Ge. Sb, andTe. 
'fs and the second material may contain Sb, Te, and at least one element IVI1 selected from the group consisting of Ag, 
In, Ge, Sn, Se, Bl, Au and Mn. According to this embodiment, with respect to a recording medium on which Infonnation 
is recorded with a laser beam (which may referred to as an "optical infonnation recording medium" in the following), 
an infonnation recording medium including a first Infomnation layer having a high transmittance and a high erasure 
ratio and a second information layer having a high reflectance and high recording sensitivity can be obtained. In par- 
se ticuiar, this optical information recording medium is suitable for high density recording with a blue-violet laser. Further- 
more, with respect to a recording medium on which information Is recorded with current (which may refen-ed to as an 
"electrical Infonnation recording medium* In the following), a phase change between a crystalline phase and an amor- 
phous phase eEislly can be caused selectively In the first recording layer, the second recording layer or both of them. 
[001 6] In the infonnation recording medium of the present Invention, the first material may be a material represented 
55 by a composition formula: GBaSia^Jeg^ei, where 0 < a£ 1 0 and 1 .5 £ b ^ 4. This embodiment can provide good recording/ 
reproducing characteristics, even if the first recording layer is very thin. 

[0017] In the Infonnation recording medium of the present invention, the first material may be a material represented 
by a composition fonnula: (Ge-M2)aSbbTe3^, where M2 is at least one element selected from the group consisting of 
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S." t?!.?' ^"^? ^f^^° ^"V ^ " ^ 4. According to this embodiment. Sn or Pb substituted for Ge of a Ge-Sb-Te 
5 t^lUnJ^^r '"f-^^f ":^^°:jl"3 ^^^^^'^ Of the present Invention, thefirst material may be a material represented 
nltt ;k .1 ■ ^"=°'''^'"9 ^° embodiment, the element M3 added to the Ge-Sb-Te ternary composition 

" Ctf! H^Vr^J^TTT "^"'f"^ ""^"""^ '^"^ P""^^^"^ ^'^^ ^^^"'^ '"st^r'^ '"ay be a material repre- 

since he merting point of the second recording layer Is low and the difference In the refractive index beh.ee? me 
a7ar^ dlffa^e'nca!;?' ^ '''''' '^^^^ '^'^^^ ^'9^ recording sens^^^d 

» ToS inThr?„,i ' V 1^^^ ^^"'^'""^ P'^^« ^"^ ^'^^ amorphous phase can be obtained 

Sbl '"f °'^'"9 medium of the present invention, In the first and second recording laye^ a re- 

Sond mil f T T "^^"^ " '"^'^^"^ ^'^^'^ ^•^^ ^^^""^ infomiatlon layer TTie melting point oHhe 

' SSfi! 'k 1"'°""^"°" recording medium of the present invention, in the first and second recording layers a re- 
versible phase Change may be caused by the irradiation of a laser beam. The first Infomiation layTr may ie dSpos^d 

ro;r,:frrr^ 

This embodiment increases the transmittance of the first information layer, which makes fx easy for iLer light to r^Th 
S?23r in thTon?'N r r ""^^'^^'^ recording/reproducing the second info'm,atio^!ayer 

[00231 In the optical information recording medium, the thickness of the second recording layer may be in the ranae 

^?sl ^M^rr f ""^ "T"^^' ^^^°"^'"9 '^y^ be la^e. When theth^kness 

cVnr;:r^^^^^^^^^^^ 

fJst^'^LrdlrSalavei^^^^^ ^c (%) of the first information layer when the 

«l SinTl ^! P'^^^ ^"^ Ta (%) of the first information layer when the firs^ 

iTlTrll ^ f ion «'^°n=hous phase satisfy 40 < (Tc +Ta)/2 with respect to the laser beam having a wavelenSi 

rerj^z'i~-^oZz:^^ - — 

Ki= n^/n K^!' °^ P^^^«"^ may further Include an optically separating 

ayer disposed between the first Information layer and the second infomiation layer The first information iav^ fS 
includes a first substrate, a first lower protectee layer, a first upper protective layer. andTfSt rTfSJ/Xer T^^^^^ 
s^ondinomiationlayermayfurtherincludeasecond lower protective layer.aseco^ 

^LZnH^T f'^' ''J '^"^^"^ ^^P«^^«"9 layer, the second lower protect ve layer 

^e second recording layer, the second upper protective layer, the second reflectK^e layer, and the sLond substrate 

Zll^ '"^ ^'"^ ^^''^^ '"^^ "^^"^ '"'='<^«"t- Acx:o«iing to this emboc«men, w^^^ 

he tr^Jsmr r '«y«^^. ^«fl«ctance. the recording sensttMty. the erasln^senTtivJ I2 

anci w th th??'^ ""^'^ °' '"^^ infomiatlon layer) of each of the infomiatlon Iaye7can be optimized In a^o^' 
the fir info^T^^ ^'^IT ^"'^ FurthemiorB. the optical separating fayer can se^mte 

the first I nfomnation layer and the second information layer optically separate 

— ;'nX— l^o^t^^^S^^^^^^ 

inS jrilJSf '1°™^''°" ^^°''^'"9 medium may further include an Interface layer disposed at at least one 
ntertaceselectedfromthegroupconslstingofan interface between theflrstlowerprotectlvelayerand the first rSord^^^ 

TsS Of atlT T'tT '"T '^^^^ °- -'-ted fromte gr up 

hp^^Lln ?h ! '^""'^ P^f^^tive layer and the second recording layer and an interface 

between the second upper protective layer and the second recording layer. The optical infomiation recordinq meS 

interface between the first upper protective layer and the first reflective layer and an interface beLen the se^onS 
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he Jnsmlttanc. of the tiret Inlormatlon layer bet»een ^1'!"'*°^ ^ ^ ' 

emboalment can provide the first Inforrnatlon layer wltti a pafflcularly tilgh transmlttance. k.^„„ 

?,rr:ro;T^°=-^rarr.'^sc= 
riirodjrr^^^^^^^^ 

r00321 The information recording medium of the present Invention may further include first and 

m the first and Te^nd recording layers, a reversible phase change may be caused by the application o the current^ 

ThefUttSrdlng^^^^^^^ 

in this order This embodiment can provide an electrical Infomiatlon recording medium. 

no^ai The e^Tctral information recording medium may further include an intemiediate electrode disposed between 

r =i^^=^^ 
ZrJmi oar. ba improved. FuithemKr.. according to this embodiment, current can be applied to either one of the firat 

;?s?r^"*gt:nre:t;«^^^^^^^ 
S^g—rs^^^^^^^^^^^ 

—EorarrbeT^^^^^^^^^ 
Cr inches a second recording layer in which a reversible phase change is caused between « ^'Vf^^"'";, f^!^^^^^^ 
aTan^Jmhous PhSe by the irradiation of the laser beam or the Joule heat generated by the application of the current^ 
> "e process (a^lncludes forming the fi,.t recording layer with a base materia, confining Ge ^b^andTe^TJ^e p^^^^^^^ 
S indudes fomiing the second recording layer With a base materia^ ^ 

selected from the group consisting of Ag. In. Ge. Sn. Se. Bi, Au and Mn. According to this embodiment, the infomiatlon 
recordina medium of the present invention can be produced easily .^^^h kv, 

^35 in the production method of ttie present invention, the first and second recording ^^^^^^^^^^^ ^^'J^tZ 

, pSn us'ng'sputtering gas containing argon gas or Krypton gas. This sputtering 9- -^J^^^^^^^^^^^ P vS 
one gas selected from the group consisting of nitrogen gas and oxygen gas. This production method can proviae 
infotmation lavers havinq excellent repeated recording performance. u o ^ «k 

OOsT n he'Joductio'n method of ?he present invention, the thickness of the first --ding layer may e9nm r 
Ls in the process (a), the first recording layer may be formed at a film formation rate m a range of 0.1 nm/secjo 

. Wseclc^ordingtotkis embodiment, an optical information recording medium including a first recording layer wrth 

ranae of 6nm to 15nm n the process (b), the second recording layer may be fomied at a film fomna lori rate in a range 
S o 3nr!S to 1 0n^sec. A^ordlng to this embodiment, an optical infomiatlon recording medium including a second 
!5 info'rmationiaver with high recording sensitivity can be produced with high productivity. 

O03T in Jpr^^^^^^^^ method of the present invention, the process (b) may be performed before the Pro^^^s 
KheprocLs?^^^^^^ 

s^pi^aZlay^^^^^^^ second information layer. In the process (a), the first infomiatlon layer may be formed over 
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the optically separating layer. 

layerofthelnforrnatlonrecordlngmadlurTiJnformatlonisrecorded/reprod 

Of the fl^t .nforma^^on layer. With respect to the second information layer of the Information recording meZm In'or 
mation Is recorded/reproduced wrth the laser beam that has passed through the first Information layer. C wavelength 

rInJodunt!L ,T " '"t, '^"l' °' ^^^^^^ °' """'^ ^"^ '^^"'^ °' A«=°^^'"9 1° "f^t f"«thod for recording 
reproduction. Information can be recorded/reproduced on/from the first and second Information layers of the o?S 
Infonnation recording medium in a high density and with good reliability. 

I^h^LJ^wl"^ ""f^?"^ recording and reproduction, the linear velocity of the Information recording medium 
When recordjig/reproducing Infomiatlon may be in the range of 3m/sec. or more and 30m/sec or less 
Lv ILioJi ' ""^1^°? reproduction of the present invention, the laser beam may be focused 

o?ieL SrJi "f • T ^r"""^^"^^' «P««"^« NA of the objectK/e lens may be in the range of 0.5 or more and 1 .1 
l^^S«J^w^rtV'^ '^'^^''^ ^'^^ °^ -^^^^^ be optimized In 

^Tn condttlons °' ^'^''^ °^ ''^ recording and repro- 

f^rf*""!!? T^****.**' P'^®®"* reco'-ding/reproducing an information recording medium is a 

r^nrnfn ■ "f'^P'^'l"'^'"^ ^he Information reco«ilng medium of the present Invention, in the fli and second 

TZTSlTl° I '"fo^f ion recording medium, a reversible phase change is caused between a co^stalline phase 
Tltf, T r 'fi^ -^^"'^ generated by application of current. An amplitude ic, a pulse width tc an 
t?^<teorS<?f '"'P'""^^ ^ pulse Width ta2 satisfy the reladonships: Ic < Ia2 < la anS 

rinri?nn I t ' T ^'^'1^ ^"""^"^ ""'^^ ^'^P"'"^'^ ^''^ P"'«« w'**^ ^« ^PPH^d to the first or second 

X li?h ' '^y^^'™"' amorphous phase to a cnrstalline phase; acurrent 

laver a 0^^! .h T '"''T'^'' ^ '° '^y^-^'^ ^^^"9^ « Ar-t 'recording 

ZVIZ^7T ^ T ^" ^"^"^Pf^^'^s Pfiase; and a current pulse with the amplitude ia2 and the pulse width 
SfJu^ n? I ^'^^^f^^"^ --^^"^^'"g l«V«f t° ^^hange the second recording layer from a crystalline phase to an amor- 
medium alhatrT' 'V'Jf '■"""^""9 reproduaion. in an elecirical Infomiatlon recording 
t^ff rivf^or^ f^'^'^^fj'^'^^^" ^ ='y«'«"l"« Phase and an amoTDhous phase easily can be caused selectively In 

J" r ^"^^ ''^"'^^ ^ ''^^"9® resistance, and therefore this can be used 

as an element of a changeable and programmable circuit. 

[0043] As described above, according to the Infomiatlon recording media of the present Invention and the method 

invemlon ^ cross-sectional view showing an example of an infomiation recording medium of the present 

St inven^Jr ^^'^^ ^'^^ °wlng another example of an Infomiation recording medium of the 

tTprLminvintfoa ""'^^ cross-sectional view showing still another example of an infomiation recording medium of 

mlfnl /'^ V ^'"^'"^ ^'^^ ^'^"^'"S « °f « configuration of a recording/reproducing apparatus used in a 
method for recording/reproducing information of the present invention 

inTntLlnH^ ^ schematic View showing another example of the Information recording medium of the present 

n«« . ^"®''^'"P'^°^^"^PP^'^*"^^°'''^^^^^^^ 

ELfLi^e:::?^^^^^^^^^ 

Lwfnn h'"'^!'' ''^ ^r^"' ''^^'^''"'^'^ '"^^^ '^'^'^'''^ '° accompanying drawings. The fol- 

the same parts bear the same reference numerals and duplicate description may be omitted 



^?nl*f. !1 ■ °''^"'P^ °* infomnation recording media of the present invention, will be described. Fig 1 

IS a partial cross-sectional view showing an information recording medium 22 of Embodiment 1 in the information 
recording medium 22. Information is recorded/reproduced by Irradiation of a laser beam 23 ' 
[0053] Referring to Fig. 1 . the Information recording medium 22 includes an optically separating layer 21 . a flr^t 
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Information layer 1 1 and a second information layer 20 with the optically separating layer 21 Interposed therebetween. 
The first Information layer 11 fs disposed closer to the side from whlc^ the laser beam 23 Is Incident than the second 
Information layer 20. 

[0054] The first Infomnatlcn layer 1 1 Includes a first substrate 1 , a first lower protective layer 2, a first lower Interface 
s layer 3, a first recording layer 4, a first upper Interface layer 5, a first upper protective layer 6, a first interface layer 7, 
a first reflective layer 8, a first uppermost Interface layer 9 and a transmittance adjusting layer 10, which are disposed 
in this order from the side from which the laser beam 23 is incident. 

[0055] The second information layer 20 Includes a second lower protective layer 12. a second lower interface layer 
13, a second recording layer 14, a second upper Interface layer 15, a second upper protective layer 16, a second 

10 Interface layer 1 7, a second reflective layer 1 8, and a second substrate 19, which are disposed in this order from the 
side from which the laser beam 23 Is Incident. For the layers named "Interface layer or "protective layer", "lower" 
means that the layer Is positioned closer to the side from which the laser beam 23 is incident than the recording layer, 
and "upper" means that the layer is positioned closer to the side opposite to the side from which the laser beam 23 is 
Incident than the recording layer. 

15 [0056] The laser beam 23 is Incident from side of the first substrate 1 . Infonnation is recorded/ reproduced on/from 
the second Infonnation layer 20 by the laser beam 23 that has passed through the first information layer 1 1 and the 
optically separating layer 21 . 

[0057] The first substrate 1 and the second substrate 1 9 are transparent and disk-shaped. Thefirst substrate 1 and 
the second substrate 19 can be formed of a resin such as polycarbonate, amorphous polyoiefin and PMMA, or glass. 

20 The first substrate 1 can be fomned by applying a resin to the first lower protective layer 2 and then curing the resin. 
[0058] On the Inner surfaces (on the surfaces facing the optically separating layer 21 ) of the first substrate 1 and the 
second substrate 19, guide grooves can be formed for guiding the laser beam, If necessary. It Is preferable that the 
outer surfaces of these substrates are smooth . It is preferable that these substrates have a small optical birefringence 
In the short wavelength. As the material forthese substrates, polycarbonate is particularly preferable because of good 

zs transfer properties and mass productivity and low cost. The thickness of the first substrate 1 Is, for example, in the 
range of 10 jim to SOOjim (preferably, 50tim to 1 SOjrni or 550jmi to 650^lm). The thickness of the second substrate 1 9 
Is, for example, In the range of 400 nm to 1300nm (preferably, SSO^im to 650nm or 1050jim to 1150jim). 
[0059] Fig. 2 shows an example of an Information recording medium in which grooves for guiding the laser beam 
are provided both In the first substrate 1 and the second substrate 1 9. In the Infonnation recording medium 22a of Fig. 

30 2, a first Infonnation layer 11a Includes a first substrate la, and a second Information layer 20a Includes a second 
substrate 19a. In the first substrate la and the second substrate 19a, grooves lb are fonned. In the information re- 
cording medium 22a, Information may be recorded in the grooves 1 b that are the groove faces on the Incident side of 
the laser beam 23, or may be recorded in portions between the grooves lb (that are the groove faces farther from the 
incident side of the laser beam 23, and may be referred to as "lands 1 c" In the foil owing). Alternatively Information can 

35 be recorded both in the grooves lb and the lands 1c. 

[0060] The first lower protective layer 2, the first upper protective layer 6, the second lower protective layer 1 2. and 
the second upper protective layer 16 are made of dielectric. These protective layers serve to adjust the optical distance 
so as to raise the optical absorption efficiency of the recording layer, and to increase a change in the amount of reflected 
light before and after recording so as to increase the signal amplitude. Forthese protective layers, oxides such as SiO^ 

40 (X Is 0. 5 to 2. 5), AigOg, TiOg, TaaOj, ZrOg, ZnO or Te-O can be used. Furthennore, nitrides such as Sl-N, Al-N, Ti-N, 
Ta-N, Zr-N or Ge-N also can be used. Sulfides such as ZnS or carbides such as SIC also can be used. Mixture of the 
above materials can be used. Among these, ZnS-SiOg, which Is a mixture of ZnS and SiOg is particularly excellent as 
the material of the protective layer. ZnS-Si02 is an amorphous material and has a high refractive index, a high film 
fomiation rate, and good mechanical properties and moisture resistance. 

fs [0061 ] The thicknesses of the first lower protective layer 2 and the first upper protective layer 6 can be determined 
exactly so that the following can be achieved: A change In the amount of reflected light between when thefirst recording 
Iayer4 is In the crystalline phase and when It Is in the amorphous phase Is large; the transmittance of the first information 
layer 1 1 is large; and the light absorption efficiency of the first recording layer 4 Is large. More specifically, these thick- 
nesses can be determined, for example, using a cabulation based on a matrix method. 

so [0082] Similarly, the thicknesses of the second lower protective layer 12 and the second upper protective layer 1 6 
can be detennlned exactly so that the following can be achieved: A change In the eunount of reflected light between 
when the second recording layer 14 Is In the crystalline phase and when It Is In the amorphous phase Is large; and the 
light absorption efficiency of the second recording layer 14 Is large. The first lower protective layer 2, the first upper 
protective layer 6, the second lower protective layer 12, and the second upper protective layer 16 can be formed of 

ss different materials or compositions, or can be fonned of the same material or composition. 

[0063] The transmittance adjusting layer 1 0 has a function to adjust the transmission of the first infonnation layer 
1 1 . The transmittance adjusting layer 1 0 can increase both the transmittance Tc (%) of the first Information layer 1 1 
when the first recording layer 4 Is in the crystalline phase and the transmittance Ta (%) of the first Infonnation layer 1 1 
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Z TtoTT^^T'T^r. ^ '"^ »''*"«'"'««"~ of theflrst information layer 11 can Be Increased 

cL bl fn^ H f ? , transmittance adjusting layer 1 0 te not provWed. The transmittance adjusting layer 1 o 

S^dfnrmer^ 

uI!;L'f? T^' i"'^""?.^ ^' "PP^^ '"'^^^'^^ '«y«^ 5. the second lower Interface layer 13 and the 

fi^t r^ordS^a \TrT^T ^^"'"^ "^^^ P^'>t««'^« layer 2 and the 

irst recording layer 4, between the first upper protective layer 6 and the first recording layer 4 between the second 

Z":Z:TZV:r!^ ^r;'" "'"^•^^ '^^^^ ^^^^ ^^^-^ ^econd'upper pro's: aye' " Ld 

S N 7r N 1„H n M '"^^rf^'^^ '^y^-^ 'ormed of. for example, nitrides such as Sl-N. Al-N, Ti-N 

Iml G« N AS, ■ ^f^^"^' 0^ «=«*ides such as SIC. Among these. Ge-N is particular!; pref- 

Snce Whenti^ntTrf^ T^", '/mTT" '^'""'"'"^ P^^P^^ies and moisture S- 

LlL Iffit ^^"^^^-^^^ the absorplance of the information layer change slgnlf- 

\^!^?^!rZTf.V,l^T^^ ^'^'"^ P«^o™«nce. Therefore, the thickness of the Interface laye,^ p^efe ably 

Sn ^' ^""^ ""^^ "PPermost Interface layer 9, and the second interface layer 1 7 prevent 

substances frorn moving between the first upper protective layer 6 and the first reflective layer 8. be Jeen the^ans 

in a h gh temperature and high humidity atnnosphere from moving. These interface 1^^^^ 
1 nm to 1 0nm, and more preferably in the range of 2nm to 5nm 

c3ineThIL?«nT/n '"^ * " 1°^^^' °' ^ '^^'"^ ^ P'^«=^ ««"sed between a 

^ m1t!S f ^ T ^"^""^^^"^ Pf^^^ ^y 'r^^d'ation a laser beam, The firet recording layer 4 can be fomied o^ 
a n^ate iai containing, for example. Ge, Sb, and Te. More specifically, the first recording layer 4 can be formed of a 
material represented by a composition formula Ge,Sb,Te3,,. For this material, at a ^ 0. tl^re c^t^ne ph^ te verJ 
stab e. Whereas the stability of the amorphous phase is insufficient. On the other hand, at 1 0 <r rs^gSa^mplitude 
i rsro< a'<irinr '"Vf 'r^^^-^^^^ the crystallization rate is reduced. Therefore, it is preSe t^ 

satisfy 0 < a S10 and more preferably Is a < 9. Furthemiore. for this material, at b < 1 .5, the crystalline phase Is vVrv 
stable, Whereas the stability of the amorphous phase Is insufficient. On the other hand, at 4 < K signai^mXde 
is large, wt^ereas the crystallleation rate IS reduced. Therefore, it IS preterm 

Eg^M21 S^^ II?- '^T'"^ ^ "^^^ °' ^ '■^P'-^-^nted by a composition fomiula 

l^^Si^nuntfn Z K '^'^'"^ This composition forrnula means that 

LTsStrnoaLrt'^^^^^^^ 

S^hrnThi, m»tr,r. > w f ?^ '^P'^^"^^^ by ^ composition fomiula Ge^Sb^Tea,, with the element 1^12 
ZTZl r t^'^?' substituted for Ge Improves the crystailizatijn performance Therefore 

Tr^en bl ■ f '^'Z " "^'^ " is more prefLb^e i the 

element M2 because it is free from toxicity. When this material is used. It also Is preferable to satisfy 0 < a 51 0 fmoS 
preferabV 1^ a S 9). and 1 .5 S b ^ (more preferably 1 .5 :S b 5 3) o < a SI 0 (more 

rr??K x^^^ /'"^'.^f '^y^"" ^ ""^y ''^ °^ « "^^terial represented by a composition fomiula 

Imeni M3 to a m'.tL"l ^'^^ "^"^^ ^""^P^^"'- °^ ■' obtained by Sdfng ^e 

element M3 to a material represented by a composition formula Ge^Sb^Te^^. In this case the added element M3 
"he rel'r^i 'T' -^-^-"'-tion temperature of the recordTng layer, so thVthe tSelTstX of 
1 can be ^^^^^^^^^ be rmproved. As a result, the recording/reproducing perfomiance of the first information lay^ 
0 < c<So 20< c, the crystallization rate is insufficient, so that it is preferable to satisfy 

anri'/<b— :;rraSi;f.r.:r3r^^ 

[00691 The second recording layer 1 4 is formed of a material in which a reversible phase chanae Is caused betwaan 
ofS'J T ''''' ^ '-^^ "^-^ T-h- se^n'rior^g are u is 

of a matenal having a melting point lower than that of the first recording layer 4 

[00701 The second recording layer 1 4 can be formed of a material comprising Sb. Te and an element Ml that Is at 
>m Ag. In. Ge. Sn, Se. Bl. Au and IWn. More specifically, the second recording layer 14 can be 



[0070] The second . 
least one selected from 
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formed of a material represented by a corrposltlon formula (SbxTeioo.x]ioo-y^^1y- material can be obtained by 
adding the element M 1 to a Sb-Te alloy In the vicinity of the Sb7oTe3o eutectic composition . When x and y satisfy 50 £ 
X < 95 and 0 < y < 20, respectively, the material has a low melting point and a high refractive Index. Therefore, when 
the material having a composition In these ranges Is used to form the second recording layer 1 4, the second Information 

s layer 20 having a high recording sensitivity and a high reflectance can be obtained. 

[0071] At 65 ^ X, the crystallization rate is particularly high, and a particularly high erasure ratio can be obtained. 
With X < 85, the presence of a plurality of phases Is suppressed, so that the deterioration of the characteristics due to 
repeated recording can be suppressed. Therefore, It Is more preferable to satisfy 65 ^ x < 85. It Is preferable to add 
the M1 for adjusting the crystallization rate to achieve good recondlng/reproducing perfomnance. It is more preferable 

10 that y is in the range 1 <y s 10. With y s 1 0, the presence of a plurality of phases is suppressed, so that the deterioration 
of the characteristics due to repeated recording can be suppressed. 

[0072] Table 1 shows the measurement results of the refractive index, the extinction coefficient, and the melting point 
of (Geo74Sno.26)BSb2Teii, (Sbo.7Teo.3)95Ge5, and (Sbo.7Teo.3)9oAg5ln5. The refractive index and the extinction coeffi- 
cient were obtained by measuring samples of 1 0nm layers made of the above-described material formed on a quartz 
IS substrate with a spectroscope. The melting point was measured by a differential scanning calorimeter (DSC method). 



Table 1 



Material of recording iayer 


Refractive index 


Extinction coefficient 


Melting point [°C] 






An 


kc 


ka 


Ak 


(Geo 74Sno.2e)8Sb2Teii 


2.0 


3.5 


-1 .5 


3.0 


2.3 


0.7 


600 


(Sbo.7Teo.3)95Ges 


1.8 


3.5 


-1 .7 


3.3 


2.6 


0.7 


560 


(Sbo.7Teo.3)9oAg5ln5 


1.7 


3.3 


-1 .6 


3.3 


2.7 


0.6 


540 



[0073] In Table 1 , denotes the refractive index when the sample iayer is In the crystalline phase, n^ denotes the 
refractive Index when the sample layer is In the amorphous phase. An is n^ - and denotes a change In the refractive 
Index between when the sample layer Is In the crystalline phase and when the sample layer is In the amorphous phase. 
kf. denotes the extinction coefficient when the sample layer is In a crystalline phase. 1^ denotes the extinction coefficient 
when the sample layer Is In an amorphous phase. Ak is kc - Ka and denotes a change In the extinction coefficient 
between when the sample layer is In the crystalline phase and when the sample layer Is In the amorphous phase. 
[0074] As shown in Table 1 , the extinction coefficient of (Geg 74Sno26)BSb2Tef Is about 0.3 smaller than those of 
(Sbo.7Teo.3)95Ge5 and (Sbo.7Teo.3)9oAg5lns. (Sbo.7Teo.3)95Ge5 and (Sbo.7Teo.3)9oAg5ln5 are compositions obtained by 
adding the element M1 to Sb-Te alloys In the vicinity of the Sb7oTe3o eutectic composition. (Sbo 7TeQ 3)95665 and 
(Sbo.7Teo.3)8oAg5lng have melting points about SO'C lower than that of (Geo 74Sno.26)8Sb2Tei, containing Sn substi- 
tuted for Ge of the Ge-Sb-Te ternary composition, and have a larger absolute value of the change An in the refractive 
index. 

[0075] From the above results, as the material of the first recording layer 4, it Is preferable to use Ge-Sb-Te ternary 
compositions or Ge-Sb-Te based compositions that can achieve a large transmlttance because of their small extinction 
coefficients. As the material of the second recording layer 14, it is preferable to use (Sb-Te)-IVII based compositions 
that can achieve high recording sensitivity because of their low melting points, and can achieve a large reflectance 
change because of their large refractive index change An. Specific examples of the combination of the first recording 
layer 4 and the second recording layer 14 include GegSbgTeg and (Sbo.7Teo 3)95665, GcaSbaTen and 
(Sbo.7Teo.3)95G65, and GegSbaTeii and (Sbo.7Teo.3)9oAg5in5. 

[0076] It is preferable that the thickness of the first recording layer 4 Is 9nm or less to increase the transmittance of 
the first Information iayer 1 1 so that laser light can reach the second infonnatlon layer 20 in an amount necessary tor 
recording/reproduction of the second information iayer 20, and the range of 5nm to 7nm is more preferable. 
[0077] It Is preferable that the thickness of the second recording layer 14 Is in the range of 6nm to 15nmto increase 
the recording sensitivity of the second information layer 20. In view of the themial Influence of the diffusion of heat In 
the inplane direction on the adjacent areas when the second recording iayer 14 Is thick, and the reduction of the 
reflectance of the second Information layer 20 when the second recording layer 14 Is thin, It is more preferable that 
the thickness of the second recording layer 14 is in the range of 8nm to 12nm. 

[0078] The first reflective layer 8 and the second reflective layer 1 8 have an optical function to Increase the amount 
of light absorbed by the first recording layer 4 or the second recording layer 14. These reflective layers also have a 
thermal function to diffuse heat generated In the first recording layer 4 or the second recording layer 1 4 promptly to 
facilitate the amorphousness of the recording iayer. Furthermore, these reflective layers also have a function to protect 
the multllayered films from the environment In which they are used. 



9 



EP1 187119 A2 



ho J!.' H L ! materials of the first reflective layer 8 and the second reflective layer 1 8. a single metal havlna a h lah 
^riel a^alL^mT " ' ^" '^'^ ^««^"«^^-'V. -"o^s containing one or moTe o^h^se meta 

elemente as the main component and one or more of other elements for the purpose of Improving the moisture resist 

Pd, Au Cr Ag-Pd, Ag-Pd-Cu, Ag-Pd-Tl. Ag-Ru-Au and Cu-Si. All of these alloys are excellent materials In that thex/ 
.Th TT'rZT" "'''^"'^^ ^^^'^^ '"^^ ^"P"^ '^"^""S 'n Partlcula^Ag aroThavJ^^^^^^^^ ea^ 

[0080] In order o make the trans mlttances Tc and Ta of the first infomiation layer 1 1 as high as possible the thlckneS 
of the first reflective layer 8 preferab^ is In the range of 5nm to 15nm, and more preferabKTinThe rr^oa If fl„l 

t?«n^^n !S '"^^^ W*^^" ^"^^ th'^kness of the first ref Se laylr 8^^^^^^^^^^^^ 

n the r^nae Of alT^^^ transmrttance. TTierefore, the thickness of the second reflective layer 1 8 preferab^ is 
In the range of 30nm to 150nm, and more preferably In the range of 70nm to 90nm When the thfckness of th^nLn 

TlStZnZ " T ''''^^^ -nsufflclenrsX he s^ond ^^^^^^^^^^ 

14 is changed to be amorphous with difficulty. When the thickness of the second reflective laver 1 8is n^rShLn i^n?m 

thethenrialdlfrusionfunct^^^ 

frr^lflSusTSn oT^^^^^^ 'T?' ''^T'"''' ^'"'"^"'"'^ P^^'^'^" °f ^"'"^'"^t'^n '^V^MI 

rurThi™^^? , ^""'^ Information layer 20. As the material of the optically separating Iayer21 a photo- 

averTi Li th?" ^^^.'r"'''?" ' '^^^ The distance between the rltlnforatton 

LvTn It t, , '^y^'- 20 required to be In the range that allows the laser beam 23 to be fJ^useS 

t^y an objective lens. Therefore, the total of the thickness of the optically separating layer 21 and me thickness of t^f 
first substratelpreferabfy is withinatoleranceofthesubstratethlcknessThatLllowe^^^^^^ 

SoSl Th ' I °f ""'"''"''"^ '"^"^ P^^'^^^'y ^^"9^ of to 50 ^. ■ 

imert 3 '"'°"^*"o" ''«=o^^'"9 '"^'^'^f" 22 of Embodiment 1 can be produced by a method described In Embod- 



Embodiment 2 



Sd Fi/aTf rrJlf ' r^"'^ °' infomiation recording medium of the present invention will be de- 

scrtoed. Fig. 3 is a partial cross-sectional view of an Infomiatlon recording medium 26 of Embodiment 2 In the infor 

Sow Tefe^L r ^.^-rrf "^'"^^^ '-^-^'0" Of lase; beam 2^ 

nfn^L« , L ^' ^''^ '"formation recording medium 26 includes an optically separating layer 21 a first 

00^, ThlT^^^^^^ InterposLXebet^er 
[OOM] The f rst information layer 25 Includes a first substrate 1 . a transparent layer 24, a first lower protective laver 

^olichardlsTLd?,^^^^ 

rnno^^ Tu "^'^Po^^d In this order from the side from which the laser beam 23 Is Incident 

"Ts JonrrSrd1I"J?rf ^ 'o*«'-P«'tective layer 12. a second lower interface layer 

Intsrt^^ZtTv ^ w , ■ ! '^""'^ "PP^*" '"'^"^^"^ '^y^^ ^ ^^oond upper protectKre layer 16, a second 

i'n~r;f7hey^^^^^^^^ 

l^^nH r^il^tf ''f Embodiment 4, when producing the infomiation recording medium 26 first the 

second reflective layens to the second lower protecth/e layer 12, the optically separating laye?2TtTthe tSrSt 
Then TTo^T ''h'' '''T'' '''''''''' '^^^^ ' '^'^'"^'^'^ on'the'secon'd suSte 1 9 n th foX 
Lbir^I^ \ Z^T . ^ ''^^ ^"^^^'"9 the first lower protective layer 2 and the «it 

curinnT ! transparent layer 24. Arternatlvely, the first substrate 1 can be fomied by applying a^s n Ind 

cunng the resin without forming the transparent layer 24. =«PP'y"'g ^ resin and 

[0088] The optically separating layer 21 and the transparent layer 24 can be formed of a photocurable resin r,r « 

TdX :Sr^|'n"a;;«LrT'^ ""'^ -ightLcptlon atthe wLelgt^he Se^^^^^^^^ 

used for recording/reproduction. The thickness of each of the optical^ separating layer 2 1 and the transparent Syer 



10 



EP1 187 119 A2 

nr«M dinatha laser beam 23 may be foimed. As In the case of the information recording medium 22 of Embod ment 
"tfe ise beam 23 "Tno^^ the first substrata 1 side, in the second infom^adon '^V^lf ' 

JecordSreproduced with the laser beam 23 that has passed through the first information layer 25 and the optically 

Sf'^For^h'e fiJst substrate 1. the first lower protectee layer 2. the first lower interface layer 3, the first recoj^fg 
aver i the first uppe?mterface layer 5. the first upper protective layer 6. the first Interface layer 7. the fl^t reftej^e 
ZZ t he fiS uppemiost interfie layer 9. the transmlttance adjusting layer 1 0. the second lower Protect ^^^^^^^^^^^^ 
/k!'o™h Lw^^^^ laver 1 3 the second recording layer 1 4. the second upper interface layer 1 5. the second 

looer prSeT^^^^^^^ 17. thf Jcond refiectN,e layer 1 8. and the second substrate 19 

the Ze Cr^ aTdelcribed ,n Embodiment 1 can be used. The shapes and the functions of these layers are the 
same as described in Embodiment 1 . 

Embodiment 3 

[0091 1 in Embodiment 3. a method for producing the Information recording medium 22 of the present invention will 

?0092r"?he method of Embodiment 3 includes the process of forming a first information layer 11 (process (a)). More 

LpSaifirTtafVst substrate 1 (having a thickness of, for example, O-^-'^JPr^^^-^l'S"^^^^^^^^^ 

rsrrlTlr i^ nrenared Next the first substrate 1 is disposed In a film forming apparatus, and a first lower 

TotS^eC'l™ 

1 the first lower protective layer 2 is formed on the side on which the guide grooves areformed. Thefirst lower Protective 
laver 2 can S^a 0^ by subjecting a base material containing metals constituting the first lower protective layer2 to 
rrt'e Tputte!;7in a mixei gas'atmosphare of Ar gas and a reactive gas. '^"-"^f/^'^^^s'JS ''J^^^^ 
layer 2 can be formed by sputtering a base material containing compounds in an Ar gas atmosphere or a mixed gas 

SrT^en a S lower Inte^elSer 3 is fom.ed on the first lower protectK,e layer 2. The first lower interface 
Zlr l cJn be fored by subjiting a base material containing metals constituting the fi.^t lower interface layer 3 to 
rSe sput^Sn a m^^^^ ^mospher^ of Ar gas and a reactive gas. Alternatively, the first lower '"terf ac^ ^yer 
3 c?n be fornTeci by sputtering a base material containing compounds in an Ar gas atmosphere or a m-xed gas atmos- 
?o'o9:i°' ^;,eTa S^t'rSrg'a'^er 4 is formed on the first iower interface layer 3. The first recording layer 4 can be 

rdbysu«:;inTaT:^^^^^^^^^^^ 

a Ge-Sb-Te-M3 alloy, depending on its composition, with one power supply. In other words, thefirst recording layer 4 
can be formed of a base material containing Ge, Sb, and Te. . * j „ ,„o^k.= 

[0095] ^ the atmosphere gas for sputtering (sputtering gas), Ar gas, Kr gas, a mixed gas of '^^^^j;^^^^^^ 
Las (at least one gas selected from oxygen gas and nitrogen gas) or a mixed gas ^f^^J,^^^^^^ 
used Alternatively, the first recording layer 4 can be formed by sputtering base materials of each of G«. ^b. Te. and 
. M2 or mI simultaneous^ a pluraitty of power supplies. Aitema«vely, the fir^t recordmg layer 4 ^«J°^^f 
sputtering a binary base material or a ternary base material containing any combinations of Ge. Sb. Te 
s r^lnLus^, Jth a plurality of power supplies. Also in these cases. "^VTS A? a^Ind a ea^Le^^^^ o'r 
sputtering in an Ar gas atmosphere, a Kr gas atmosphere, a mixed gas atmosphere of Ar gas and a reactwe gas, 

Klm^olIonrS^^^^^ 
avemo^^^^^^^ 

. crtroToUre "ickness oTthe recording layer is drfficuft. Therefore, the film fomnation rate of the frst recording layer 
foSSrX aruSrer^eS^^^^ on the first recording layer 4. The fi.t upper Interface layer 5 

SnblfoJrJrdbythesar^^^^^^ 

in the following) The composition of the base material used to fom, these interface layers can J^^^^^^^^^ 
5 he composition of the interface layers and the sputtering gas (This applies to the P-^^:;": 

in other words these interface layers may be fomr^ed of the material having the same composition or.these ntertace 
ISyeJ^ may be for^^^^^ of base materials having different compositions (This applies to the processes of forming other 
layers). 
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\!^^rl J^l" ' f ^'^^ "^PP^^ P'-^te^ve layer 6 is formed on the first upper interface layer 5. The first upper protective 

XivX^Tt" z:::.T ^ ^^'^ 

tN°.?L7Tr 'ff ^ ^ '^'^"^^ '^^^^ ^ ^^^^'^ f'fst upper protective teyer 6 In 

t«e fLt ri^^^^^^ «r ' T "'^"""''"3 ^ ""^^ "'^^ ^ alloy consti 

tuting the first reflective layer 8 in an Ar gas atmosphere 

irer p^tlS^I^Je^^^^ ''^"'""^ '^^"^ ^° '^^^ ''^^^"^^^ ^'^^ '"^^^'^^.^^ t^^^ case of theflrst 

J^K^lf T^""^!;'/''^ ^""'^ information layer li la formed. An Initialization process for crystallizing the entire 
The first recording layer 4 can be crystallized by being irradiated with a laser beam ' « ^ ""^lea. 

Sll^ln Jif °?K Z °' P^'^"^' information layer 20 is fomied (process (b)) 

More specifically. first,asecondsubstrate19(havlngathlcknessof,forexampleJ.1mm)lsprepar^ 

ont^rZ nT^hTK Ih^ '^'""^^ ^^^"^''^'^ ' 9' ^f^^ ^^^''^d ^-"^«ive layer 18 is fomied 

maSL nnnt^iln f ^"'"^ ^""^r^' ^^^'^'^^ '^^^^ ' « ^^'^ by sputtering a ^e 

mater aJ containing metate or an alloy constituting the second reflective layer 1 8 In an Ar gas atmosphere 

15 arifoLfn .nr° '"TT ^ ^"-^ « s^-^ond upper interface layer 

1 5 are fomied on the second reflective layer 1 8 In this order. 

^4 lTt.%lTI'lT''T^- '^^"■J'' " "PP^-- '"^^'^^'^^ '^y^^ The second recording 

Sl l by sputtenng a base material containing a Sb-Te-MI alloy with one power supply in other 

words, the second recording layer 14 can be fomied of a base material containing Sb, Te. and an element M1 As the 
atmosphere gas for sputtering (sputtering gas). Argas. Krgas. a mixed gas of Ar gas and a reactive gas (at leai one 
gas selectedfrom oxygen gas andnitrogengas)oramixedgasofKrgasandareactivegascan be used Alternated 
b^/rn^r 7 L^T' ^'^^^"^^'^^'y' recording layer 14 can be formed by sputtering a bS 

o Arl?.„H ■ .^^^ ""^ " P^^^""^^ Sas atmosphere, a Kr gas atmosphere a mixed gas atmosphere 
of Ar gas and a reactive gas. or a mixed gas atmosphere of Kr gas and a reactive gas aimospnere 

1 0nrSs J' L^dfi't' H^l:'^! ^l? '^'^ °^ '"^^^^'"a '«y^^ 14 is in the range of 0.3nm/sec. to 

1 0nm/sec. As described In Embodiment 1 , the thickness of the formed second recording layer 14 preferablv is in the 

o3r or thTn° ^T!!^ '^y- 1^ be coLoLd'^;;" int od^S: 

i'^ H i'''^'''^. "^'^^ ''^ '"^ ^^^^ ^ ""^ f°^^tlon takes a long time, and gas in^e 

TZT,^ TT ? '^'■""^ '^^^^ "^^^^ '"^^^ ^'^^^ ^'"^ f°"^^tion rate Is to^ high though 

f Jm L^Zn ; "JtK'*" '''■'"'"^ t*^^ thickness of the recording layer Is difficuft. The efore the 

mo«, ?^ ^^""^ '^y^'' P^^^^^^^'y range of 0.3nm/sec. to lOnm/sec 

Sng?aye; U ^hls ^ P^°'"*^^ '^^^^ ^"-^'^ - --"^ 

LTrlLrl^.'^'^fT""^''' '^^'"'^ information layer 20 can be fomied. An Initialization process for crystaliizing the 

0108, F^n^il ?k'T? '^'^ crystallized by being Irradiated with a laser beam 

atinf lv« ; '«y«r 1 1 and the second infomnation layer 20 are attached via the optically sepa- 

S ls'loL o th ? ^^^'^'y^ ^«^«-'<"«t ray curable resin as the material of the optically separating layer 

fh JfiSf . '^y^-- 1° °' lower protective layer 12 by spin coating, and then 

leTllsc^eTbvf^^^^ 

layer 21 is cured by IriBdiation of ultraviolet rays from the side of the first Infomiatlon layer 1 1 . and thus the InfTrmation 
layer 21 . the in-adiation of ultraviolet rays can be eliminated. »«>Kaiaiiiia 
Embodiment 4 

Si ?o! In thT^llT^c P'''''"^'"^ infonnation recording medium 26 will be described. 

[0110] In the method of Embodiment 4. first, a second Infomiatlon Iayer20 Is formed (process (b» More sDeclficaliv 

'^'"^'^'''"'^'^^^^^^^^ 

arlferm Jin thf t!^"^ 'TT^^ ^ ® '® °" '^"^ ^"^^"^ ^ 9- ^hen guide grooves 

are formed lnthesecondsubstrate19.thesecond reflective layerieisformed on the Side on whichthe guide gr3s 
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information recording medium 26 can be produced. 
Embodiment 5 

101161 in Embodiment 5. a method for recorting/reproducing Information on the infomiatlon recording media of the 
Dresent Invention described In Embodiments 1 and 2 will be described. ^ ^ cn , ,=ori 

m?n! RQ 4 te a schematic view showing the configuration of a part of a recording/reproducing ^PP^^f "^^^0 used 

L Sduderr,« recording l.,e, 4 .nd .n. second .^cording layor 14. T„. obJ««e len. 28,o=u«sU,e laser 
fo'lsl "formation Is recorded by modulating the power of the laser beam 23 between a P°-.^;(f^P("^^7,""j; 

° o L nSrmaSon recording medium .0 be recorded/reproduced « provided grooves ^;^^^'>3»^^^ ^ 
portions of the first Information layer 11 or 25 and the second Infomnatlon layer 20. 
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Embodlmant 6 



EhSI c? ^r'?""'"'!!!* ?• ^''^"'P'® information recoixling medium of the present invention will be de- 

scribed. Fig. 5 is a partial cross-sectional view of an information recording medium 41 of Embodirflen76 in th^^rnw 
m^«on recording mediurn41>formatlonls recorded by appl^^^ 

^ItfL'!! T^^'^^^, ■ ^ "^^^^ °f ^ ^'^'='^ poiycaitonate. a glass substrate a ceramic 

substrate made of ceramics such as M,0„ a SI substrate, or a metal substrate made of various typrs S me^s^a 
STnlrth' '"'^^^"^'"^ has conductivity, the substrate31 can be use<^^as t^^a f 'sf eTeSo^^^^^^^ 

milT^Zl^lT'" an insulating substrate Is used as the substrate 31 will be described. 
layer Is x^! Z^SZ'T^'S TT '""^'"^^'"^ ^ ^'^^<'^^ ^2. the f l,^t recording 

S^fn th.; IrH T e'f^^de 34. the second recording layer 35. and the second electrode 36 on the substrate 
fhU.^ rhi ff composition of the fiist recording layer 33 and the method for fomiing that layer a?e the same ^ 
?i !nH H ?H "^^T^ ^ Embodiments 1 and 3. The composttlon of the second iordmg^aver 

fmen;^''aT3 tr^^ 

Seel the crvLtrne oJLreTJ;^^^^^^ T '^""'"^ '^y^^^' ^ ^^^^'^''"^ P^ase change Is ^used 

rm^ir !''^,^'y®*^ ""f P'^«se amorphous phase by the Joule heat generated by applying current 

10126] As the material of the first electrode 32. the intermediate electrode 34 and the second elertrode 36 « ^inni« 

r^=^^Sg=~;^s^^^ 

ctnXn^he^^e^rtrer^^^^^^^^ 

L^I^HLn^r'"?^^''' ^ --ecording/reproducing infonnation on the infomiation recording medium 41 will be 

tTZT t , '"''P'^ connected between the first electrode 32 and the second TiSrode 36 aJd 

between the intemiediate electrode 34 and the second electrode 36 via a switch 39 A resiianS^ete M rc«nn;.^o2 
between the first electrode 32 and the second electrode 36 via a switch 40 ^^^'^t^"'^^ "^^^^38 connected 

[0128] In the information recording medium 41. infomnation is recorded by causinq a phase chanoa h«hv««n th«. 

o< Z^^^, """""f"" In the recoraing layer In the amoipnous phase's higher than that 

:;reS?r«r;r3^r:"e%^i::,rrir:r^^^^^ 

nhlt?n ^^^'l ""^^ '■^'''"''^'"^ '^y^' 33 from the amorphous phase (high resistance state) to the crvstalline 

arorrtr'^''^'^"''''^^^ 

LTrnhV°' '^y^^ ^'^^"S^ ^l^^ ^«^°^ding layer 33 from STe c^stailh^^^^^^^^ 

=pprer-:;^^^^^ 

[0133] A rewritable memory wtth a large capacity can be obtained by arranging a large number of the infomiation 
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m^^dl^r^^l STXe d^rlbed TO Change the tlrst recording layer 33 to the cryst^llne phase, a current 

D^ieTcu Jpulse with an amplftude of lc2 and a pulse width tc2 Is applied. To change the f irs recording layer 33 
K^moS phLTa current pulse with an amplitude ot la1 and a pulse width ta1 Is applied. To o^^ge^e 
second layer 35 to the amorphous phase, a current pulse with an amplitude of Ia2 and a pulse width ta2 

' The temperature Txl at which the material of the first recording layer 33 changes from the amorphous phase 
o the^rvs al n7pha e ^^^^^^^^ than the temperature Tx2 at which the material of the ^J^^^ J^^^lTolZ 
Changes from the amorphous phase to the crystalline phase (Tx1 < Tx2) The t.me tx ^^^^^^J^T J^/^^^^^^^^ 
firstrecordlngiayerSStochangefromtheamorphousphasetothecrystailmephaseislongertha^^^^^ 

nr thP material of the second recording layer 35 to change from the amorphous phase to the crystalline phase (pa < 
^ ^e^f re t frecoS l^ors ca'n bl crystalilzed selectively by allowing the amplitude Id . the P"'3e v^*J;;'=J ■ 
S^e amSude Ic2 and the pulse width tc2 to satisfy Id < lc2 and tcl > tc2. The two recording layers can be cry^tallted 
SLTa'^uS^ by applying the current pulse with the amplitude Ic2 and the pulse width td to the first recording layer 

r^ofdlnalaveTas Therefore, only the second recording layer 35 can be changed to the amo rphous phase by reducing 
tSld th'e other hand. In the case where the pulse width ta1 is short, when tt^e ^-T^n P^^^^^^ 

recording layer 35 is in the amorphous phase, and Rc2 is the resistance when the '^'"^'^^f^llJ^^^^^''' H 
c^stailine phase When Ra1 is different from Ra2. and Rd and Rc2 are much smaller than Ra1 and R^- t^en the 
^SSSthfr'olglayerscanbedetermlned easily ^ 

Sording laye,^, that Is. binary Infomiatlon. can be detected by one measurement of the resistances. 
Examples 

[01401 Hereinafter, the present invention will be described mora specifically by way of examples. 
Example 1 

[0141] in Example 1 , the transmlttance of theflrst Infomiatlon layer 11 of the Information recording medium 22 of Fig 
1 was measured to examine the effect of the transmittance adjusting layer 10. 

0^4^ T sarn^^^^ measurement ware produced. More specrficai V, the f.^t 'nf-mat.on layer 1 

was produced, and ttiefirst infomialion layer 11 and the second substrate 1 9 were attached via the optical^ separating 

. OnTh™and.- as comparat.e examples, samples w.hout the t-smlttance adjusting 1^^^^^ 

produced, and the transmittance was measured.Thesecomparath.eexampleswereproducedm^ 

a polycarbonate substrate (a diameter of 120mm and a thickness of 0.6mm) was prepared as the f rst substrate 
1 Then a ZnS SiO, layer (SiO, 20mol%) as the first lower protective layer 2, a GeN layer (thickness of 5nm) as the 
fU tower InterfaceWar 3. a (Gao...Sn..e)sSb.Te. layer (t^ckness 

laver (thickness of 5nm) as the first upper Interface layer 5, a ZnS-SlOa layer (SlOg . 20mol ^) ^^J"® "^f*^"PP°^^^ 
Se layer 6 a GeN layer (thickness of 5nm) as the first interface layer 7. and an Ag alloy layer (thickness of 1 0nm) 
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as the first reflective layer 8 were laminated on the polycarbonate substrate In this order by sputtering, in this rr 
the samples of the comparative examples were produced. "«.ia- misrr 

S^rjfi Ju^^JZl?? TT^^, ""'""'^'^ transmlttance adjusting layer 10, a GeN layer (thickness of 3nm) 

^n«n. Hi '^^^f T ® ^"'^ ^ 'ay®'- (thickness of about 30nm, SIO^ : 20moi%) as the trans- 

rr;.^^N ' ° ^'^^ °" '"^^ "'^^ ^^"^'^'^^ '^y^^ « tf^'^ ^P^tt^rlng. Then an uttravTolet 

Z^n res n as the material of the optically separating Iayer21 was applied to the second substr;te 19 b^spJ^ 
uitSS; f , if '«y^^ ^1 attached onto the resin, and the resin was cured by irradiation of 

ultraviolet rays. In this manner, the samples for transmlttance measurement were produced 

[0145] The thicknesses of the first lower protective layer 2 and the first upper protective layer 6 were detemiined 

S'r^fLnrSlfnhfJt^' '^^^'^^"^"l^^^^^ ^'^'•^ detemiined such that the following was achieved: A change In the amount 

rohri^o^tinn , ^^^^^ Of the first infomiatlon layer 1 1 was large; and the 

f iS rtlE °' '^y^*" ^ '^^9^- "T*^^ ^^''^^"^^^ °t the transmlttance adjusting layer 

was lame Sit 1'^^^^^^^ the following was achieved: The tinnsmittance of the first Infomiaion layerM 

mlTc^lll I . ^'^"''^ °^ ^"^'^^'^ "S*^^ ''^^^^^ ^'^^'^ the first recording layer 4 was 

o" Ihe fi^tlSXTyer"' " P'""" "^"^'^ "^^^ 

fSI'^LJH'*'' '^^^"^ *° ^""^ ^^'"P'^"' transmlttance Ta (%) when the first recording layer 4 was in 

wi conSi^ed ^nTtLT. T""'"?- ^ '"«'^«^«tlon process for crystallizing the first recording iay^r 4 

was conducted and then the transmlttance Tc (%) when the firet recording layer 4 was in the cnrstalline chase was 

of 405nm. After the measurement, fTc + Tayg was cabulated dveiengm 
ind^^s iltlhi! Tr '"f! "^f '^^"'t^ the transmlttance. in the first infomiation laye^ 1 1 of samples 2-1 

Trstf , ! ; ^^f'^^^"'^^ the recording layer is in the crystalline phase is higher than that when the 
'T r P'^'"- ""'^ ^^'"P'^^ 2-1 and 2-3 have substantially the same re"i«?ance len 

the recording layer ,s in the crystalline phase, in the first information laye.^ 11 of samples 2-2 and 2-4. the S^Snce 

ph^e. The samples 2-2 and2-4havesubstantlailythe8ame reflectance When the recordlnglayer IS in the am^ 



Sample No. 


Transmlttance adjusting layer 1 0 


Tc[%] 


Ta [%] 


(Tc+Ta)/2 [%] 


2-1 


not provided 


40 


40 


40 


2-2 


not provided 


46 


40 


43 


2-3 


provided 


48 


46 


47 


2-4 


provided 


48 


42 


46 



[01 48 As shown in Table 2, In thefirst information layers 1 1 of thesamples 2-3 and 2-4 provided with the transmlttance 
adjusting layers 10, the value of fTc + Ta) / 2 was Improved by about 2% to 6% witLut^lcr thfreflec^T^^^^ 
t31 ?r ^^V'T'r " '""^ ^^'"P'^^ ^"'^ ^"'^^"t the transmWancTad^sti g la^^^^^^ 
There ore It Is preferable that the first infomiation layer 11 Includes the transmlttance adjusting layer 10 
26 nf L P f 1 Of measunngthe transmlttance of thefirst Information iayer25 of the Information recording medium 
26 of Fig. 2 In the same manner, It was confiimed that the transmlttance adjusting layer 10 has the same effect. 

Example 2 

if Ih?!irJ?^''T'^.^' ^®'^''°"^^'P "^tween the characteristics of the first Information layer 11 and the thickness 
laver l tZ?"'^'^'''''^'"''' 

Trrurl Ll th , ^ ^ separating layers 21 to produce samples. Wrth respect to the formed samples, the 
mS? A ' ^''^''^ '•'^ transmlttance of the first infomiation layers 11 were measured 

1200^1 .iTtH t ""^f ri"^ '""^P'^' ^"'"'■''^ « Po^carbonate substrate (a diameter of 

120mm and a thickness of 0.6mm) was prepared as the first substrate 1 . Then, a ZnS-SiO, layer (thickness of abou 
40nm. S.O,: 20mo|o/„) as the first lower protective iayer2. a GeN layer (thickness of Snmlls the S"^^^^^^^^ 
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..„or a rG6 Sn. ,.'>oSb,Te.. layer (thickness of 4nm to 1 0nm) as the first recording layer 4. a GeN layer (thickness 
Xm^ aStirst u^^^^^ a ZnS-SiO^ layer (thickness of about 5nm. SiO^ : 20mol%) as the first uppe 

p otSv? aye^S ^G^N Sy? of 5nm) as'the first Interface layer 7. an Ag a.;oy layer (thickn-s on Orjm) 

^ thtSSve layer 8% GeN layer (thickness of 5nm) as the first uppermost Interface layer 9 an^ a Z^S-SHD^ 
^vlr ahtakn Jrof about 30nm. SIO, : 20moi%) as the transmittance adjusting layer 1 0 were laminated on the poly^ 

nf th« first recordinq layer 4 was performed. Thus, the first information layer 11 was produced. 
Sl521 NeTar^ ultS^S^Iet ray durable resin as the material of the optically separating layer 21 was appjled to the 
cJTnd suSate 19 bv spin coating. Then, the first Infomiatlon layer 11 was attached onto the resin, and the resin 
w^cur^fi^rrid lati^n ofuitrav^^ rays, n this manner, a plurality of sannples including the first recording layer 4 



;S^r^S?^:rrrsa.pies.thetrans.^.e„ 
in the same manner as in Examp 
with the apparatus shown in Rg. 4 



^the sam^ ma7^^^^^ the CNR of the first infom^ation layer 11 were measured 

withJheTppaTrs^^^^^^^^^ 

Tens 28 wT^eS ?he linear velocity ot the samples at measurement was 8.6m/s. and the shortest mark length was 



The erasure perfomiance was evaluated as follows. The amplrtude was measured after a signal was mcort^^^^^^ 
times Then a 11T signal was overwritten and the amplitude of the 3T signal was measured again. Thereaner the 
J^^luJt^fn ;atio 0 th^^ was calculated. Hereinafter, this attenuation ratio is referred to as the "erasure ratio^ 

the cafcuiatlon results of (Tc + Ta)/2. 



Sample No. 


Thickness of first recording layer 4 [nm] 


(Tc+Ta)/2 [%] 


CNR 


Erasure ratio 


3-1 


4 


A 


C 


C 


3-2 


6 


B 


B 


B 


3-3 


9 


C 


B 


B 


3-4 


10 


D 


B 


B 



[01561 A to D in Table 3 Indicate the values of (Tc^Ta)/2. the CNR and the ^^asur^ ratlo^To be specific regarding 
rrc-KTa)y2 D < 30%. 30% S C < 40%. 40% £ B < 50%. and 50% 5 A. Regarding the CNR, 40 (dB) s C < 50 (dB) and 
MBW B Reaidinq the erasure ratio, 20 (dB) < C < 30 (dB), and 30 (dB) < B. It is preferable that in the first 

4 ■ ICnm the CNR and the erasure ratio were high, but the transmittance was less than 30 ^ in tlie sample 3 2 
(thickness o theL recording layer 4 : 6nm) and the sample 3-3 (thickness of the first f/;^^^^^;";^ 
Suits of atransmlttance of 35% to 45%, a CNR of 50dB. and an erasure ratio of 30dB were obtained. From the above 
results, the thickness of the first recording layer 4 preferably Is 9nm or less. 

01581 With respect to the first infomiation layer 25 of the Infomiatlon recording medium 26 of Fig. 2. erasure 
ralo Jhe CNR anS the transmittance were measured In the same manner. The same results as above were obtained. 

Example 3 

rQi591 in Examples the relationship between the characteristics of the first infomiatlon layer 11 and the material of 
SI ffrit r^Trgtyer 4 w^examlned. More speclflc^ly. the first infomiatlon layers 1 1 Including the t-t recording 
aye 4 h^ng varleS compositions were produced, and the first Infomiatlon layers 1 1 and the -«-°"d^^ubstrates 19 
were attrhSvlatheoptlcally separating layers21toproduce samples. W 

the eiBsure ratio and the transmittance of the first information layers 1 1 were measured. ^ ^ , . nior^^tor nt 
miBoT TriShod for producing the samples will be described below. First, a polycarbonate substrate (a diameter o 
l2Qr^m and aTcknei ^^6^^^^^ prepared as the first substrate 1 . Then, a ZnS-SiO^ layer (thickness o about 
S s". 20™^ras th^f7^^^^^^ iayer 2. a GeN ^yer (thickness of 5nm) as the first lower Interface 
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LTns\?o tvT?tM ? '^^^'f f """r^ °' ^ ^^"^ ^^'^"^''"^^ °^ S"'") «^ tf^^ f "PP«r interface layer 5. 
Of Snmf as^S iltr' ° ? ^ ^ """^^ '^^^^ « ^^^^ '^^^^ (thickness 

fthfcknei nf^rm^ ^ ,f ^' ^" '^y^' ^'^^^^"^^ ^ O""!) as the fi,3t reflective layer 8. a GeN layer 

Smo?o/f. H '"'^^^'^ '^y^^ ^' ^"^ « ZnS-SI02 layer (thickness of iout 30nm. SIO, 

:fThefrtriTi:~^^ 

21 ,f '^"^^'^'^ *at was not cured yet as the material of the optically separating layer 

, '^''"^^ ''"'''^^^ ' ^ 'P'" "^^'"9' T^^"- ^"^t information layer 1 1 was attached omoTe 
recording layer 4 having different compositions were produced. 

fn°J?fLmo ml^fnl^^V''^*^"' "'"'""'''^ '^P'^' tf^^fansmlttance of the first information layers 11 was measured 
hi fir^ZZr "'P'^ ' ■ ^^tl^ ^^^Ps^ t° these samples, the CNR and the erasure ratrof 

the nrst Information layers 11 were measured In the same manner as In Example 2 

C?c!t1)/2'^^'^ ^"^^ ^'^ ^'^^""^ "^"^ °^ "'^^ infomnatlon layer 11 and the calculation results of 



Sample No. 


Composition of first recording layer 4 


(Tc+Ta)/2 [%] 


CNR 


Erasure ratio 


4-1 


(Geo.74Sno.aB)aSb2Teii 


B 


B 


B 


4-2 


(Sbo.7Teo.3)95Ges 


C 


D 


C 


4-3 


(Sbo7Teo3)9oAggln5 


C 


D 


C 



J::r.t" zo^'b^T: ^Tb) a- so fdBt< b^""" ° ^ " ''^^ ^° ^^^^ ^ ' 

insuffiLn?onT V^^K ^-J" "^'^ ^-^^ ^" transmittance. the CNR and the erasure ratio were 

msufficent^ On the other hand, m the sample 4-1. good results of a transmittance of 46%, a CNR of 50dB and an 
erasure rato Of 30dB were obtained. From the above results, the materia, represented by a compl^ficn fon^ula 
(Geo.7+Sno.26)aSb2Tei, is preferable as the material of the first recording layer 4 

[atif tL CNrZ^^!.';*'^ '^^^^ f °' '^'^'"^ ""^'^"^ 26 of Fig. 2. the erasure 

ratio, the CNR and the transmittance were measured in the same manner. The same results as above were obtained. 

Example 4 

S lh?« ^^^^P'^J*' •'^'ationship between the characteristics of the second information Iayer20 and the material 
.L^oL 'Th T ^"^.'r' "^^^ -P^^ifi'^aily, the second infom^ation layers 20 includTgTe 

second recording layer 1 4 having varied compositions were produced, and the first substrates 1 and the secondTnfor 
Z^Z:T ^"^'^^^'^.^'■^ °P^'-"y -P--ting layers 21 to produce samples. With resp^t toThe fo^ed 

S, A m ThT ''T"'''^^ """^ °' ^^'^"'^ '"^°™«tion layers 2^were measu'd 

I jimi anH tK . ""^^n L"^ "^""^'^^ ^^"^'■"^^^ ^^'^^t. a po^rcarbonate substrate (a diameter of 

120mm and a thickness of 0.6mm) was prepared as the second substrate 19. Then, an Al alloy layer (thick^is o 
80nm) as the second reflective layer 18. a ZnS-SiO, layer (thickness of about 10nm SiO: 20mom Ls JlTe s^^^^^^ 

«J! MJ-'?"''"^? ? ^ '^y^'' ('^^^"^^ °^ ^"^) the second lower interface layer 13, and a Z^S SiS! 

SI ".I'' f "f":^ ^ '^y^^ ^ 2 were laminated on the polycarbonate fubs^S 

IVr^LJ*"^ thicknesses of the second lower protective layer 12 and the second upper protective layer 16 were de- 
termined exactly from calculations based on a matrix method such that the following was achieved. At a wavelenqrh 
t°han thaTwh T"' T ^"^^^^^'^^ '^^^ - the crystalline pie was la glr 

^ZZ u K . '^"'^'"^ ' ^ amorphous phase; a change in the amount of reflected I gh 

wa^rarce and ^! ThT^h t^'^ °'y«talline phase and when it was in the amorphous ph^e 

was large, and the light absorption efficiency of the second recording layer 14 was large. 
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[0170] Next, an Initialization process for crystallizing the entire surface of the second recording layer 14 was per- 
formed. Then, an ultraviolet ray curable resin as the material of the optically separating layer 21 was applied to the 
first substrate 1 by spin coating. Then, the second infonnatlon layer 20 was attached onto the resin, and the resin was 
cured by Irradiation of ultraviolet rays, in this manner, a plurality of samples including the second recording layer 14 
having different compositions were produced. 

[0171] With respecttothethus produced samples, the reflectance of the specular portion of the substrate was meas- 
ured. Furthermore, with respect to these samples, the recording sensitivity and the CNR of the second infonnatlon 
layer 20 were measured with the apparatus of Fig. 4. 

in this case, the wavelength of the laser beam 23 was 405nm, the NA of the objective lens 28 was 0.65, the linear 
velocity of the samples at measurement was 8.6m/s, and the shortest marl< length was 0.294pm. infonnation was 
recorded In the grooves. Herein, "the recording sensitivity" refers to a value defined by the peai< power Pp (mW) that 
Is 130% of the peak power Pp (mW) that provides an amplitude 3dBm lower than the saturated value of an amplitude 
(dBm) (this applies to the following examples). As the value of the recording sensitivity becomes smaller, information 
can be recorded with a lower laser power. The average (Tc + Ta)/ 2 of the transmittance of the first information layer 
1 1 is about 40%, and the largest power of the semiconductor laser 29 Incident to the first substrate 1 Is about 1 2mW. 
Therefore, the laser power that reaches the second information layer 20 Is about 5mW. For this reason, it is preferable 
that the recording sensitivity of the second Information layer 20 Is 5mW or less. 

[0172] Table 5 shows the measurement results of the recording sensitivity, the CNR of the second infonnation layer 
20 and the reflectance when the second recording layer 14 is in the crystalline phase. 



Table 5 



Sample No. 


Composition of second recording layer 1 4 


Recording sensitivity 


Reflectance 


CNR 


5-1 


(Geo.74Sno.26)8Sb2Teii 


D 


C 


B 


5-2 


(Sbo.7Teo.3)95Ge5 


B 


B 


B 


5-3 


(Sbo.7Teo.3)9oAg5ln5 


B 


B 


B 



[0173] B to D in Table 5 indicate the values of the recording sensitivity, the CNR and the reflectance. To be specific, 
regarding the recording sensitivity, 5 (mW) < D, and B S 5 (mW). Regarding the CNR, 50(dB) S B. Regarding the 
reflectance, 10% < C < 20%, and 20% < B < 30%. it is preferable that in the second infonnation layer 20, the CNR is 
40dB or mora, and more preferably 50dB or more. The reflectance preferably is 10% or more, and more preferably 
20% or more. 

[0174] As shown in Table 5, in the sample 5-1 , at a recording power of 5mW or iess, the CNR was not saturated, 
the recording sensitivity was not sufficient, and the reflectance was insufficient. In the samples 5-2 and 5-3 comprising 
(Sbg yTeQ 3)95605 or (SbQ ^Toq 3)goAgsln5, which have low melting points, the recording sensitivity is 5mW or less, and 
the CNR was high at the same time. 

[01 75] With respect to the second information layer 20 of the infonnation recording medium 26 of Fig. 3, the recording 
sensitivity was measured in the same manner. The same results as above were obtained. 

Example 5 

[0176] in Example 5, the information recording medium 22 of Fig. 1 was produced based on the results of Examples 
3 and 4. Then, with respect to the produced information recording medium 22, the transmittance, the CNR, and the 
erasure ratio of the first infonnation layer 11 , and the recording sensitivity, the reflectance and the CNR of the second 
information layer 20 were measured. 

[0177] in Example 5, the compositions of the first recording layer 4 and the second recording layer 14 were 
(Geo 74.Sno 2e)^b2Te.j.| Q*" (^^o.7'r'Bo.3)a5^B5- thicicness of the first recording iayer4 was 6nm and the thicicness of 
the second recording layer 14 was lOnm. 

[01 78] With respect to the first information layer 1 1 , after all the layers thereof were fomned, an initialization process 
was performed. With respect to the first infonnation layer 11 , the transmittance was measured before and after the 
initialization process. Also with respect to the second information layer 20, after all the layers thereof were fonned, an 
initialization process was perfomied. Thereafter, an ultraviolet ray curable resin that was not cured yet as the material 
of the optically separating layer 21 was applied to the second lower protective layer 1 2 by spin coating. Then, the first 
information layer 11 and the second information layer 20 were attached tightly. Then, the resin was cured by irradiation 
of ultraviolet rays. In this manner, samples (information recording media 22) Including the first infonnation layers 11 
and the second information layers 20 were produced. The configuration other than the recording layer and the optically 
separating layer and the production conditions were the same as those in Examples 3 and 4. 
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If^!?. ^^u^ ^"^^ ^'■^"^^ ratio of the first Information layer 11 

T!tr« T^^®«^^/"^"™'"8nts wer^ performed in the same manner as described In the above-described 
examples. Table 6 shows the measurement results. u«»i.rioea 



Sample No. 


6-1 


6-2 


6-3 


Composition of first 
recording layer 4 


(Geo.T4Sno.as)8Sb2'Ifea 


(Gea7«Sn<,.2s)gSbaTBii 


(Sbo.j'Ifeo.3>96Ge5 


L/omf 
secon 
layer 


osition of 
d recording 
14 


(Geo.74Sn^2e)8Sbi'Ifeii 


(Sbo.7'Ifeo.a)9sGe5 


<Sbo.7'Ifeo.s)o6Ge5 


First information 
layer U 


(Tc+Ta)/2 
[%] 


B 


B 


C 


CNR 


B 


B 


D 


Erasttre 
ratio 


B 


B 


C 


Second information 
layer 20 


Recording 
sensitivity 


D 


B 


D 


Reflectance 


C 


B 


C 


CNR 


B 


B 


C 



^"rinH^^nof J"J^jtf T^^'l'^^ '■^^""^ °f measurements. Regarding the values of (Tc+Ta)/2, 30% ^ C < 
40 /o, and 40% ^ B < 50%. Regarding the CNR. D < 40 (dB), 40 (dB) 5 C < 50 (dB). and 50 (dB) S B R^pardlna the 

reflectance In Table 6 Is the reflectance of the second Information layer 20 when the second recording layerVi Is In 
the crystalline phase, and 1 0% s C ^ 20%. and 20% s B 30% 

[0181] In sample 6-1 the compositions of the first recording layer 4 and the second recorxJIng layer 14 were 
™ ° '=°'^P°sltion of the first recording layer 4 was (Geo 74Sno 26)aSb2Te,,. and 

lrdZCr7l /th'"° T""""' <^'^.^^«0.3)35Ge3. In sample 6-3, the composiSns of the first 

recording layer 4 and the second recording layer 1 4 were (Sbo yTso 3)95665 

leflfftLl" Tr'' ""f w ^' '^"'P" ^"^ • '^"^ °' ^^P'« ^«~^d'"9 sensitivity and the 

reflectance of the second information layer 20 were InsufTlcient. In the sample 6-3. as in the resute of Examole 3 the 
transmittance the CNR and the erasure ratio were insufficient, and the transmittance of the^^t InfonnSon aver n 
was not sufficient, so that the recording sensitivity, the reflectance and the CNR of the seconTinfoZio n iX 20 

nil^f ■ ^"""^ °^ ^ °^ °^ '""'^ ^^^^"^^ --^ti" °f 30dB or more were obtained 

[01831 In the above-described examples. Information was recorded in the grooves Furthermore the same meas 

inftr^ ''''T' ^"''^^^ '° '''' ^^^^^ in Srand the'o^: Zre 

infomnatlon was recorded In lands and grooves. Then, the same results as above were obtained. 

Examples 

rH^^LJa^^l V*"^ infomnatlon recording medium 26 of Fig. 3 was produced by the method of Embodiment 4 
Then, wfth respect to the produced infomiatlon recording medium 26. the CNR and the erasure ratio of the fliS?nfor: 
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mation layer 25, and the erasure ratio and the CNR of the second Information layer 20 were nneasured. 
[0185] A method for producing samples will be described below. First, a polycartjonate substrate (a diameter of 
120mm and a thickness of 1.1mm) was prepared as the second substrate 19. Then, an Al alloy layer (thickness of 
80nm) as the second reflective layer 18, a ZnS-SiOg layer (thickness of about 10nm, SIO2 : 20mol%) as the second 

5 upper protective layer 1 6, a GeN layer (thickness of 5nm) as the second upper Interface layer 1 5, a (Sbo ^Teg 3)95663 
layer (thickness of lOnm) as the second recording layer 14, a GeN layer (thickness of 5nm) as the second lower 
interface layer 13, and a ZnS-SiOa layer (thickness of about 60nm, SiOg: 20mol%) as the second lower protective layer 
12 were laminated on the polycarbonate substrate In this order by sputtering. Thereafter, an initialization process for 
crystallizing the entire surfEice of the second recording layer 1 4 was performed. 

10 [0186] Then, an ultraviolet ray curable resin was applied to the second lower protective layer 12 by spin coating, and 
a substrate provided with guide grooves was overlapped thereon. After the resin was cured, the substrate was removed. 
In this process, the optically separating layer 21 in which guide grooves for guiding the laser beam 23 were formed on 
the side of the first infonnation layer 25 was fomned. 

[0187] Thereafter, a ZnS-SiOg layer (thickness of about 30nm, SlOg : 20mol%) as the transmlttance adjusting layer 

'5 1 0, a GeN layer (thickness of 3nm) as the first uppermost Interface layer 9, an Ag alloy layer (thickness of lOnm) as 
the first reflective layer 8, a GeN layer (thickness of 5nm) as the first Interface layer 7, a ZnS-SiOj layer (thickness of 
about 5nm, SiOg : 20moi%) as the first upper protective layer 6, a GeN layer (thickness of 5nm) as the first upper 
Interface layers, a (Geo 74.Sno.26)8Sb2Teii 'aye"" (thickness of 6nm) as the first recording Iayer4, a GeN layer (thickness 
of 5nm) as the first lower Interface layer 3. and a ZnS-SiOg layer (thickness of about 40nm. SiOg : 20mol%) as the first 

20 lower protective layer 2 were laminated on the optically separating layer 21 In this order by sputtering. Thereafter, an 
Inltlaiizatlon process for crystallizing the entire surface of the first recording layer 4 was performed. 
[0188] Next, a polycarbonate substrate (a diameter of 1 20mm and a thickness of 0.1mm) was prepared as the first 
substrate 1. Then an ultraviolet ray curable resin as the material of the transparent layer 24 was applied to the first 
substrate 1 by spin coating. Then, the first lower protective layer 2 was attached onto the resin, and the resin was 

25 cured by irradiation of ultraviolet rays. In this manner, samples (information recording media 26) were produced. 

[0189] With respect to the thus pnsduced samples, the CNR and the erasure ratio of the first information layer 25 
and the second Inf omiation layer 20 were measured with the apparatus of Fig. 4. In this case, the wavelength of the 
laser beam 23 was 405nm, the NA of the objective lens 28 was 0.65, the linear velocity of the information recording 
medium 26 at measurement was S.Om/s, and the shortest mark length was 0.206|iin. information was recorded In the 

30 grooves. As a result, both In the first Infomnatlon layer 25 and the second information layer 20, good results of a CNR 
of 50dB or more and an erasure ratio of 30dB or more were obtained. 

Example 7 

35 [0190J For the material of the second recording layer 14, Sn, Se, Bl, Au or Mn were added as M1, instead of Ag, in 
and Ge. Then, the same measurements as In Examples 4, 5, and 6 were conducted. As a result, the same effects as 
in Examples 4, 5, and 6 were obtained. 

Example 8 

40 

[0191] In Example 8, the Infonnation recording medium 41 of Fig. 5 was produced, and the phase change in the 
recording layer by application of electrical energy (current pulse) was examined. 

[0192] First, a Si substrate whose surface was treated with nitrogen was prepared as the substrate 31 . Than, a Au 
layer (area : 1 .0mm x 1 .0mm. a thickness of 0.1 (im) as the first electrode 32, a (Geo.74Sno.26)8Sb2Teii layer (area : 
45 0.6mm X 0.6mm, athickness of 0.5jim) astheflrst recording layer 33, a Au layer (area :0.6mm X0.6mm. a thickness 
of O.ljun) as the Intennediate electrode 34, a (SboyToo 3)95665 layer (area : 0.2mm x 0.2mm, a thickness of O.Sjim) 
as the second recording layerSS.and a Au layer(area :0.2mm x 0.2mm. a thickness of 0.1 ^m) as the second electrode 
36 were laminated on the SI substrate in this order by sputtering. 

[0193] Thereafter, a lead wire made of Au was bonded to the first electrode 32, the intenmediate electrode 34, and 
so the second electrode 36. A pulse power supply 37 was connected between the first electrode 32 and the second 
electrode 36, and between the Intemrtedlate electrode 34 and the second electrode 36 via a switch 39. A change in 
the resistance due to the phase change of the first infomnatlon layer 33 and the second recording layer 35 was detected 
by a resistance meter 38 connected between the first electrode 32 and the second electrode 36 via a switch 40. 
[0194] When both the first recording layer 33 and the second recording layer 35 are In a high resistive state (amor- 
S5 phous phase), a current pulse with an amplitude of 50mA and a pulse width of 100ns was applied between the first 
electrode 32 and the second electrode 36. Then, the two recording layers were changed to a low resistive state (crys- 
talline phase). Next, when a cun-ent pulse with an amplitude of 1 50mA and a pulse width of 50ns was applied between 
the first electrode 32 and the second electrode, only the second recording layer 35 was changed from a low resistive 
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state to a high resistive state. When both the first recording layer 33 and the second recording layer 35 were In a iow 
resistive state, a current pulse with an amplitude of 200mA and a pulse width of 50ns was applied between the first 
! hSL f M 1^°"" 36. Then, the two recording layers were changed from a low resistive state to 

a high resistive state. When both the first recording layer 33 and the second recording layer 35 were in a high resistive 

electrode 34 and the second electrode 36. Then, only the second recording layer 35 was changed from a high resistive 
state to a low resistive state. 

[01 95] As described above, In the information recording medium 41 of Fig. 5. each of the first recording layer 33 and 
the second recording layer 35 electrically was changed reversibly between the crystalline phase and the amorDhous 
phase^ As a result, the following four states were attained: both the first recording layer 33 and the second recording 
ayer 35 were In a high resistive state; the first recording layer 33 was in a low resistive state and the second recordlna 
ayer 35 was in a high resistive state; the first recording Iayer33 was in a high resistive state and the second recording 
ayer 35 was in a low resistive state; and both the first recording layer 33 and the second recording layer 35 were in a 



1. An information recording medium comprising a first infomnation layer and a second information layer, 

wherein the first information layer comprises a first recording layer in which a reversible phase change is 
caused between a crystalline phase and an amorphous phase by irradiation of a laser beam or Joule heat 
generated by application of cun-ent, 

the second Infomiation layer comprises a second recording layer In which a reversible phase change is caused 
between a crystalline phase and an amorphous phase by the irradiation of the laser beam or the Joule heat 

generated by the application of the current. 

the first recording layer is made of a first material, 

the second recording layer Is made of a second material, and 

the first material is different from the second material. 

2. The information recording medium according to claim 1 , wherein the first material comprises Ge Sb and Te and 
Ag In Ge*^Sn "se'^BrAu and wlf ^ ei^n^ent M1 selected from the group consisting of 



Ge^Sb^Te^,, 

where 0 < a < 1 0 and 1 .5 < b < 4. 

4. The infomnation recording medium according to claim 2, wherein the first material is represented by a composition 
formula: 

(Ge-M2),SbbTea^, 

where M2 Is at least one element selected from the group consisting of Sn and Pb, and 0 < a ^ 1 0 and 1 .5 s b s 4. 
^" fo'Jmula-""^'"" '^''^'"^ according to claim 2, wherein the first material is represented by a composition 

(GSaSbbTe3^)^0(^^M3„ 

where M3 is at least one element selected from the group consisting of Si. 71, V. Cr. Mn, Fe. Co Nl Cu Se Zr 
Nb, Mo. Ru. Rh. Pd, Ag. in. Sn, Ta. W, Os, Ir. Pt, Au and Bi. and 0 < a S 10. 1 .5 s b s 4, and 0 < c s 20. ' ' ' 
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6. The Information recording medium according to anyone of claims 2 to 5, wherein the second material Is represented 
by a composition formula: 

where 50 S x s 95 and 0 < y < 20, 

7. The Information recording medium according to claim 1 , wherein 

10 

In the first and second recording layers, a reversible phase change is caused by the irradiation of the laser 
beam, 

the first information layer Is disposed closer to a side from which the laser beam Is Incident than the second 

infomiation layer, and 

IS a melting point of the second material is lower than that of the first material. 

8. The Information recording medium according to any one of clainre 2 to 6, wherein 

in the first and second recording layers, a reversible phase change Is caused by the in^diation of the laser 
20 beam, and 

the first information layer is disposed closer to a side from which the laser beam is Incident than the second 
Infonnation layer. 

9. The Infonnation recording medium according to claim 7 or 8, wherein a thickness of the first recording layer Is 9nm 
25 or less. 

10. The infonnation recording medium accon:llng to any one of claims 7 to 9, wherein a thickness of the second re- 
cording layer is In a range of 6nm to 15nm. 

30 11, The Information recording medium according to any one of claims 7 to 1 0, wherein a transmittance Tc (%) of the 
first Inf omnation layer when the first recording layer Is In a crystalline phase and a transmittance Ta (%) of the first 
information layer when the first recording layer is In an amorphous phase satisfy 40 S (Tc +Ja)/Z with respect to 
the laser beam having a wavelength in the range of 390nm to 430nm. 

35 12. The infonnation recording medium according to any one of claims 7 to 11 , further comprising an optically separating 
layer disposed between the first Information layer and the second infomnatlon layer, 

wherein the first information layer further comprises a first substrate, a first lower protective layer, a first upper 
protective layer, and a first reflective layer, 
■*o the second information layer further comprises a second lower protective layer, a second upper protective 

layer, a second reflective layer, and a second substrate, and 

the first substrate, the first lower protective layer, the first recording layer, the first upper protective layer, the 
first reflective layer, the optically separating layer, the second lower protective layer, the second recording 
layer, the second upper protective layer, the second reflective layer, and the second substrate are disposed 
4S In this order from the side from which the laser beam Is incident. 

13. The infonnation recording medium according to daim 1 2, further comprising a transparent layer disposed between 
the first substrate and the first lower protective layer. 

50 14. The Infonnation recording medium according to claim 12, further comprising an Interface layer disposed at at least 
one interface selected from the group consisting of an interface between the first lower protective layer and the 
first recording layer and an interface between the first upper protective layer and the first recording layer. 

15. The Infonnation recording medium according to claim 1 2, further comprising an Interface layer disposed at at least 
S5 one Interface selected from the group consisting of an interface between the second lower protective layer and 

the second recording layer and an interface between the second upper protective layer and the second recording 
layer. 
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1 6. The information recording medium according to ciaim 1 2. further comprising an interface iayer disposed at at least 
one Interface selected from the group consisting of an Interface between the first upper protective layer and the 
first reflective layer and an interface between the second upper protective iayer and the second reflective layer. 

17. The Information recording medium according to ciaim 12, further comprising a transmittance adjusting layer for 
adjusting a transmittance of the first information layer between the first reflective iayer and the optically separating 

IIM"?™.,^*'?," ""^"^'"^ according to claim 17. further comprising an interface iayer disposed between 

the first reflective layer and the transmittance adjusting layer 

19. The infoiTmtlon recording medium according to claim 1 2. wherein a thickness of the first substrate Is In a range 
OT 1 o^Lm to 800|im. 

"^f f '"^oi^a^"*" recording medium according to claim 1 2. wherein a thickness of the second substrate te in a range 
of 400^ to 1 SOOpjn. 

21. The infomiation recording medium according to any one of claims 2 to 6, further comprising first and second 
electrodes, wherein 

m the first and second recording layers, a reversible phase change is caused by the application of the current, 

thefirst recording layer, the second recording layer and the second electrode are laminated over the first 
electrode In this order. 

22. The Information recording medium according to claim 21 . further comprising an intermediate electrode disposed 
between the first recording layer and the second recor?ling layer. 

23. A niethod for producing an information recording medium comprising a first information layer and a second Infor- 
mation layer, the method comprising: 

(a) forming the first infomiation layer; and 

(b) forming the second Infomatlon layer, 

wherein the first infomiation layer comprises a first recording layer In which a reversible phase change is 
caused between a crystalline phase and an amorphous phase by Irradiation of a laser beam or Joule heat 
generated by application of cun-ent, 

the second Information layer comprises a second recording layer In which a reversible phase change Is caused 
between a crystalline phase and an amorphous phase by the irradiation of the laser beam or the Joule heat 
generated by the application of the current, 

the process (a) comprises forming the first recording layer with a base material containing Ge Sb and Te 
the process (b) comprises fomilng the second recording layer with a base material containing Sb. Te and'at 
least one element Ml selected from the group consisting of Ag, In. Ge, Sn. Se. Bi. Au and Mn. 

24. The rriethod for producing an Infomnatlon recording medium according to claim 23. wherein the first and second 
recording layers are fonned by sputtering using sputtering gas containing argon gas or krypton gas. 

25. The method for producing an infomnatlon recording medium according to claim 24, wherein the sputtering gas 
further contains at least one gas selected from the group consisting of nitrogen gas and oxygen gas 

26. The method for producing an information recording medium according to claim 24 or 25, wherein 

a thickness of the first recording iayer is 9nm or less, and 

In the process (a), the first recording layer is fonned at a film formation rate In a range of 0.1 nm/sec. to 3nm/S6C. 

27. The method for producing an information recording medium according to any one of claims 24 to 26. wherein 

a thickness of the second recording layer is In a range of 6nm to 15nm. and 
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In the process (b), the second recording layer Is formed at a film fomnation rate In a range of 0.3nm/sec. to 
10nm/sec. 

28. The method for producing an Information recording medium according to claim 23, wherein 

the process (b) Is performed before the process (a), and 

after the process (b) and before the process (a), the method further comprises a process (c) of fomning an 
optically separating layer over the second Information layer, and 

In the process (a), the first Information layer is formed over the optically separating layer. 

29. A method for recording/reproducing an Infonnatlon recording medium, wherein 

the infonnatlon recording medium is the infomnation recording medium according to claim 1 , 
with respect to the first information layer of the Infonnatlon recording medium, Information is recorded/repro- 
duced with a laser beam incident from a side ot the first infonnatlon layer, 

with respect to the second infonnatlon layer of the Infonnatlon recondlng medium, infonnatlon is recorded/ 
reproduced with the laser beam that has passed through the first infonnatlon layer, and 
a wavelength of the laser beam is In the range of 390nm or more and 430nm or less. 

30. The method for recording/reproducing an Infonnatlon recording medium according to claim 29, wherein 

alinearveloctty of the Infomriation recording medium when recorcllng/reproducing infomnation Is in the range 
of 3nrVsec. or more and 30nVsec. or less. 

31 . The method for recording/reproducing an Infonnatlon recording medium according to claim 29, wherein 

the laser beam Is focused by an objective lens, and 

a numerical aperture NA of the objective lens Is in the range of 0.5 or more and 1 .1 or less. 

32. A method for recording/reproducing an information recording medium, wherein 

the infomnation recording medium is the information recording medium according to claim 1 , 
in the first and second recording layers of the infomnation recording medium, a reversible phase change Is 
caused between a crystalline phase and an amorphous phase by Joule heat generated toy application of cur- 
rent, and 

an amplitude Ic, a pulse width tc, an amplitude Ia1 , a pulse width ta1 , an amplitude Ia2 and a pulse width ta2 
satisfy the relationships: 

Ic < ia2 < Ia1 and ta1 Stc or ta2 ^ tc, wherein 

a current pulse with the amplitude Ic and the pulse width tc Is applied to the first or second recording layer 

to change the first or second recording layer from an amorphous phase to a crystalline phase, 

a current pulse with the amplitude Ia1 and the pulse width ta1 Is applied to the first recording layer to 

change the first recording layer from a crystalline phase to an amorphous phase, and 

a current pulse with the amplitude Ia2 and the pulse width ta2 is applied to the second reconding layer to 

change the second recording layer from a crystalline phase to an amorphous phase. 
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